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Specification

Wiping Cloth Made of Nonwoven Fabric and

Method for Manufacturing Wiping Cloth

[(S]

‘Made of Nonwoven Fabric

Technical Field
Thepresentinventionrelatestoawipingclothsuperior
in removing dust and absorbing water and to a method for
10 manufacturing the wiping cloth. In particular, the
invention relates to a wiping cloth superior in removing
fine dust and in absorbing water and suitable for use in
¢lean room and to a method for manufacturing such wiping

cloth.

Background Art
A wiping cloth made of nonwoven fabric consisting of
cellulose filaments, for example, has been heretofore known
as a wiping cloth to be used I1n clean room. Such a wiping

cloth is advantageous because of its superiority in water

absorption due to hydrophilic property of cellulose
filaments. However, if the cellulose filaments are
decreased in fineness (for example, 1 denier or less) in
order to improve the property of removing fine dust
25 (removability), the cloth is prone to generate cellulose
powder, which is not favorable as a wiping cloth to be used
in clean room. 1t is considered that the cellulose powder
isgeneratedbecause filament breakage occurs due to decrease
in tensile strength when the fineness of the cellulose

36 filaments is small. The foregoing powder (fibrous powder)
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produced from the fibers due to filament breakage is
generally called lint.
A wiping cloth made of nonwoven fabric or woven or

knitted fabric consisting of synthetic fibers such as

()]

polyester fibers has beenalsoknown. Suchsynthetic fibers
maintain a certain tensile strength and produce a less |int
even if the denier is small as compared with the celjulose
fibers. In this sense, the synthetic fibers are suitable
for a wiping cloth to be used in clean room as compared with
13 the use of the cellulose fibers. However, in the synthetic
fibers, there is a disadvantage that the synthetic fibers
are poor in hydrophilic property as compared with the
cellulose fibers (in other words, the synthetic fibers are
hydrophobic) and therefore it is impossible to give a
sufficient water-absorbing characteristic to the wiping
clorh.

For thisreason, awipingclothprovidedwithmicropores
onthesurfaceofpolyester fibersofnotmore thanl.5deniers
in single fiber fineness was proposed (the Japanese Patent
Publication (unexamined) No. 89642/1983). However, There

arises a disadvantage in that forming the micropores on the

surfaces of the polyester fibers of fine fibers causes
deterioration in tensile strength of the polyester fibers
themselves and production of lint. Another wiping cloth
Zb  producedbycoating the surfaceof the fiberswithasubstance
having hydrophilic property or water-absorbing property was
alsoproposed (Japanese Patent Publication (unexamined) No.
4297/1982). However, in the case of this wiping cloth,
denier of the fibers becomes |arge and there is a possibility

30 that the performance of removing fine dust is decreased.
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A further wiping clioth in which water-absorbing
property is improved by applying a plasma treatment to a
melt blow nonwoven fabric consisting of polybutylene

terepnthaiate fibers of not more than 0. 8 denier in average

(S

fineness was also proposed (the Japanese Patent Publication
(unexamined) No. 33270/1989). However, in the melt blow
method, extra fine fibers are obtained by blowing a melt
polymer emerged fromaspinninghole with gas, and therefore,
molecular orientation in the obtained extra fine fibers is
[ insufficient as compared with fibers obtained through
drawing. Asaresult, itisdifficulttoobtainfibershaving
a sufficient tensile strength. Consequently, there arises
a probiem that the melt blow nonwoven fabric put into use
to serve as a wiping cloth is prone to produce lint

In view of the foregoing problems of the prior arts,

theapplicantsof thepresentinventionhaveproposedawiping
clothmade of nonwoven fabricproducedby combiningsplitting
of splittable conjugate fibers with plasma treatment as a

wiping cloth superior in removing fine dust and absorbing

20 water and hardly produces i{int (the Japanese Patent
Publication (unexamined) No. 140471/1998). This known
wiping cloth made of nonwoven fabric is produced by using
splittable conjugate fibers each of which is formed by
sticking a polymer component A and a polymer component B

25 which is insoluble in the polymer component A, accumuiating
fibers A composed of the polymer component A and fibers B
composed of the polymer component B formed by exfoliating
the stuck splittable conjugate fibers, and modifying
exfoliated faces of the fibers A and the fibers B through

30 plasma treatment. In other words, this wiping cloth made
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of nonwoven fabric is intendedto improve thewater-absorbing
property by utilizing unevenness or microfibrils existing
on the exfoliated faces of the spiit fibers, improve the

property of removing fine dust utiiizing the fibers A and

(S}

B of reiatively small denier composed of the polymer
components A and B, and decrease production of lint.

The present inventionutilizes the inventiondisclosed
in the foregoing Japanese Patent Publication (unexamined)
No. 140471/1998. and has an object of providing a wiping
193 cloth made of nonwoven fabric in which the water-absorbing
property is further hardlydeterioratedwithage (the passage
of time) by adopting a component containing a specific

substance as the polymer component A.

Disclosure of Invention
The present invention provides a wiping cloth made of
nonwoven fabric produced by using splittable conjugate
fiberseachofwhichisformedbystickingapolyesterpolymer
component A containing polyoxyalkyleneglycol of 2000 to

20000 in mass average molecular weight and a polyolefin

polymer component B which is insoluble in the polymer

compenent A, accumulating fibers A composed of the polymer

compenent A and fibers B composed of the polymer component

B formed by exfoliating the sticking of the splittable

75 conjugate fibers, and modifying exfoliated faces of the

fibers A and the fibers B through plasma treatment. The

inventionalsoprovidesamethod formanufacturing thewiping
clioth made of nonwoven fabric

The splittable conjugate fiber used in this invention

30 is formed by sticking the polyester polymer component A
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containing polyoxyalkyleneglycol of 2000 to 20000 in mass
average molecular weight and the polyolefin polymer
component B which is insoluble in the polymer component A .
Specific exampies of the sticking manner are shown in Figs.
5 1to4, andthestickingmanner isnotlimitedtothoseexamples.
Each of Figs. 1 to 4 is a transverse cross section of a
splittable conjugate fiber. Fig. 1 shows a splittable
conjugate fiber in which a plurality of polymer components
A are embedded in an outer circumferential portion of the
10 polymer component B, and the polymer components A and the
polymer component B are stuck together. Fig. 2 shows a
splittable conjugate fiber in which there are a plurality
of polymer components Aandapluralityof polymer components
Beach formingatrapezoidintransverse section, and lateral
sides of the trapezoids are respectively stuck together to
form the splittable conjugate fiber beingcircular as awhole
in transverse section. A blank portion inFig. 2 indicates
a hollow part, and therefore the splittable conjugate fiber
inFig. 2ishollowandcylindrical. Fig. 3showsasplittable

conjugate fiber in which there is a plurality of polymer

components A and a plurality of polymer components B each
being wedge-shaped in transverse section, and fateral sides
of the wedges are respectively stuck together to form a
splittable conjugate fiber being circular as a whoie in

75 transverse section. Fig. 4 shows a splittable conjugate
fiber tn which a plurality of polymer components A (each
of the polvymer components A being circular in transverse
section) is stuck to an outer circumferential portion of
a polymer component B.

320 The polyester polymer component A containing
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polyoxyalkyleneglycol of 2000 to 20000 in mass average

molecular weight and the polyolefin polymer component B are

insoiuble in each other. In other words, the polymer

component B is insoluble in the polymer component A. As a

5 result. the polymer component A and the polymer component

Bareecasilyexfoliatedfromeachotheratthestickingportion

of the polymer components AandB. [f the polymer component

A and the polymer component B are soluble in each other,

the polymer components A and Bwill bemingled in each other

10 andhardly exfoliatedat the sticking portionof the polymer

components A and B. The splittable conjugate fiber is

general ly composedof the polymer component A and the polymer

component B, however, it is also preferred that a further
polymer component exists as a third component.

The polyester polymer component A is produced by adding

polyoxyalkyleneglycol of 2000 to 20000 in mass average

molecularweight toapolyester polymer. |f amerepolvester
polymer without any such addition of polyoxyalkyleneglycol
isused, there isatendency that thewater-absorbingproperty

isnotsufficientlygiventothewipingclothmade of nonwoven

fabric. Specific amount of content is preferably in the
range of 1.5 to 15 mass percent of the polyester polymer.
and more preferably in the range of 3 to 10 masses percent.
If the content is less than 1.5 mass percent, the
25 water-absorbingpropertyof thewipingclothmade of nonwoven
fabric 1s prone to decrease with time. On the other hand,
if the content is more than 15 mass percent, the fibers A
formed of the polyester polymer component A are prone to
be lowered instrength. |t ispossible toadoptpolyethylene

36 terephthalate, polybutylene terephthalate, or copolymer
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polyester of which main component is polyethylene
terephthalateorpolybutylene terephthaiateasthepolyester
polymer.

The mass average moiecular weight of

[S3]

polyoxyalkylenegiyco!l to be added is in the range of 2000
to 20000, and preferably in the range of 3000 to 10000. It
I's not desired that the mass average molecular weight is
iess than 2000 because it is not possiblie to obtain the
polyester poiymer component A of which spinning efficiency
19 s superior. More specifically, polyoxyalkyleneglycol is
generally added at the stage of manufacturing the polyester
polvmer by condensing acid and alcoho!l (especially at the
tatter half of the stage of the polymerization). Inthe case
that the molecular weight of polyoxyalkylenegliyco! is less
than 2000, polyoxyalkyleneglycol easily reacts on acid and
atcohol. and consequently, it is difficult to obtain the
polyesterpolymerofahighmolecularweight, and thespinning
efficiency becomes unstable. 0On the other hand, if the mass
average molecular weight is more than 20000, the cloth is

not desirable because water-absorbing property is not

sufficientiy given to the cloth to serve as a wiping cloth.

Melting point of the polyester polymer component A is
preferabiy in the range of about 160 to 275 °C, and more
preferably inthe range of about 180 10260°C. 1f themelting

i

I8
J

point of the polymer component A is more than 275 °C, there
is a possibility of occurring heat decomposition of the
polyester polymer and the polyoxyalkyleneglycol at the time
of melt spinning. On the other hand, if the melting point
is less than 160 °C, there is a possibility of lowering in

3G operation efficiency at the time of melt spinning. The
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meiting point of the polyolefin poiymer component B is
preferred to be lower than the melting point of the polymer
component A, more preferably. lower than the melting point

by at least 30 °C, and most preferably iower than the melting

(@]

point by at least 50 °C. This is because when heating the

splittable conjugate fibers thereby forming heat-bonded
areas inwhichthesplittableconjugatefibersareheat bonded
one another, it ispossible tosoftenormeltonly the polymer
component B while keeping the fiber form of the polymer
12 component A as it is without softening and melting it.
Therefore, the fibers composed of the polymer component A
are left even in the heat-bonded areas, and it is possible
to obtain a strong wiping cloth made of nonwoven fabric.
For example, if the melting point of the polymer component
A and the melting point of the poiymer component B are aimost
the same. the whole heat-bonded areas are melt or softened
and turned intoa film-likecondition. Asaresult, strength
is lowered in the heat-bonded areas, and it is difficult

to obtain a strong wiping cloth made of nonwoven fabric.

If there is a large difference between the melting point
of the polymer component A and that of the polymer component
B(forexample, adifference betweenthemeltingpointsmounts

to 180 C or more), it becomes difficult to manufacture
splittable conjugate fibers through melt spinning method.
Zh ot is preferred that polypropylene, high-density
polyethylene, linear low-density
polyethylene-ethylene-propylene copolymer. or the Iike

are adopted as the polyolefin polymer component B.
fn this invention, each of the melting points of the

30 polyester polymer component A and the polyolefin polymer
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component B is established to be a temperature showing an

extreme value of a melting endothermic curve obtained by

raising the temperature from the room temperature at a speed

of 20 C/min using a differential calorimeter (DSC-2C
5 manufactured by Perkin Elmer).

As described above, adding polyoxyalkylenegiyco! to
the polyester polymer produces the polyester polymer
component A. It is also preferred that various kinds of
additives such as lubricant, pigment, delustering agent,

10 heat stabilizer, light resistance agent, ultraviolet
absorber, antistatic agent, conductive agent, and thermal
storage agent are added and contained, if necessary. It is
also preferred that the polyolefin polymer also contains
the mentioned various kinds of additives.

15 It ispossibletofreelydecidequantitativeproportion
of the polymer components AandB in the splittable conjugate
fiber. It is. however, more preferred that the proportion

of the poiymer component A is larger than that of the polymer

component B. This is because the polymer component A
.90 contains polyoxyalkyleneglycol and this
colyoxyalkylenegiycol performs improvement in

water-absorbingpropertyof thewipingclothmade of nonwoven
fabric. If the melting point of the polymer component B is

established to be lower than that of the polymer component

23 A by a certain degree and the splittable conjugate fibers
are combined one another by heat bonding of the polymer
component B, it is preferred that mass proportion of the
polymer component A to the polymer component B is established
as follows: polymer component A : polymer component B = 70 -

30 301t020:80. Ifthemassproportionof thepolymer component
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Bis less than 30 mass parts, the splittable conjugate fibers
are not sufficiently combined one another, and it becomes
difficult toobtainawipingcloth of high tensile strength.

On the other hand, if the mass proportion of the polymer

(2]

component B is more than 80 mass parts, the splittable
conjugate fibers are strongty heat bonded one another, and
the heat-bonded areas are turned intoa film-1ike condition
or hoies are formed. As aresult, the obtainedwipingcloth
has a tendency to be insufficient in tensile strength.
10 The splittable conjugate fiber used in this invention
~can be either continuous fiber (filament) or discontinuous
fiber (for example, staple fiber). In general, it is
preferred that the splittable conjugate fiber is continuous
fiber. It is more rational to manufacture a wiping cloth
15 madeof nonwoven fabricbyaccumulating thecontinuous fibers
as they are as compared with manufacturing a wiping cloth
of nonwoven fabric after cutting the continuous fibers into
discontinuous fibers. 1t is possible to use the splittable
conjugate fiber of any fineness, however, the fineness is

20 preferably in the range of 1 to 12 deniers. 1{f the fineness

cf the splittable conjugate fiber is less than 1 denier,
the fiber A and/or the fiber B produced by splitting tends
to be less than 0. 05 denier in fineness, and such fine fiber

is prone to arise aproblemof fiber breakage and occurrence

NS
3

of l'int. Ontheother hand, if the finenessof thesplittable
conjugate fiber is more than 12 deniers, the fiber A and/or
the fiber Balsobecome large infineness, and the performance
of removing fine dust is prone to be lowered.

In the wiping cloth made of nonwoven fabric according

3C to the invention, it is preferred that the fibers A and the
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fibersBaremerelyaccumulated, however, it ismorepreferred
that they are substantially entangled with one another in
three dimensions. This is because the three-dimensional
entanglement increases tensilestrengthof thewipingcloth.
5 This substantial three-dimensional entanglement does not
mean three-dimensional combination formed by merely
accumulating the fibersbutmeansentanglement inwhichshows
a certain improvement in tensile strength is achieved by
means such as water needling or needle punching
10 Inthecase of producingawipingclothmade of nonwoven
fabric provided with both heat-bonded areas and areas not
heat bonded using the splittable conjugate fibers in which
the melting point of the polymer component B is lower than
themeltingpoint of the polymer component A, it ispreferred
that the fibers A and the fibers B existing in the areas
not heat bonded are not three-dimensionally entangled with
each other. This is because, in this case, the splittable
conjugate fibers are heat bonded with each other in the

heat-bonded areas, thereby a sufficient great tensile

strength is given to the wiping cloth. This is further
because it is possible to give more softhess or flexibility
to the wiping cloth when the fibers A and the fibers B are
not three-dimensionally entangled with each other.

In the wiping cloth made of nonwoven fabric provided

withboth the heat-bondedareas and the areas not heat bonded,

23

it is possible for the heat-bonded areas to take any
configuration. For example, 1t is preferred that the
heat-bondedareasbeingcircular, triangular, oval, T-shaped,
#-shaped, rhombic., quadrilateral and so on are scattered

30 all over the wiping cloth made of nonwoven fabric in the
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formof scattered dots. It isalsopreferred that belt-like
heat-bonded areas be placed in the longitudinal direction
or in the transverse direction of the wiping cloth made of
nonwoven fabric. Furthermore, it is also preferred that
5 lattice-shaped heat-bonded areas are arranged on the whole
wiping cloth of nonwoven fabric. In the case that the
heat-bonded areas are arranged in the formof scattered dots,
each heat-bonded area has preferably an area in the range
of about 0.1 to 3.0 mm2. The total of the heat-bonded areas
19 preferably occupies in the range of about 2 to 50 % of the
surface area of the wiping cloth of nonwoven fabric, and
more preferably in the range of 4 to 20 % In the case of
arranging belt-like or lattice-shaped heat-bonded, width
of thebelt-Iike linesor thatof the |ines forming the lattice
is preferably in the range of about 0.1 to 5 mm, and it is
preferred that the lines are spaced away from each other
at an interval of approximately 1 to 10 mm. If the total
of the heat-bonded areas is over the mentioned range, the
total of the areas not heat bonded is reduced, and there

isatendency for thewipingcloth to be poor indust-removing

performance. In other words, dust is mainly removed by the
fibers A and the fibers B existing in the areas not heat
bonded, and therefore the dust-removing performance tends
to be reduced as the areas not heat bonded become smaller.
25 lftheheat—bondedareasaresmalIerthanthementionedrang&
thewipingclothofnonwovenfabrichasatendencyofIowering

its tensile strength.
A plasma treatment is applied to the exfoliated faces
of the fibers A and the fibers B forming the wiping cloth

30 according to the invention. Unevenness is formed or
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microfibrils are produced on the exfoliated faces of the
fibers A and the fibers B. Therefore, the exfoliated faces
have larger surface areas as compared with not-exfoliated

faces of the fibers A and the fibers B. and applying plasma

[$x]

treatment to the exfoliated faces greatly increases the
~water-absorbing property of the fibers A and the fibers B.
In other words, a group containing oxygen such as carbonyl,
carboxyl‘hydroxy,c)rhydroperoxideintroducedby'theplasma
treatment is introduced intotheexfoliatedsurfaces of which
13 surfaceareahasbeenincreased. Furthermore, insomecases,
cracks are formed by the plasma treatment, thereby the
water-absorbing property of the fibers A and the fibers B
is largely improved. The plasma treatment is carried out
bylntroducinganaccumulatedstuffcomposedbyaccumulation
of the fibers A and the fibers B into a plasma reactor.
Therefore if a plasma treatment is applied to the exfoliated
faces of the fibers A and the fibers B, the not-exfoliated
taces of the fibers A and the fibers B are also treated with
the plasma treatment as a matter of course. The weight per

square meter of the wiping cloth made of nonwoven fabric

according to the invention, which can be freely decided,

is approximately in the range of 10 to 200 g / m? in general.
Apreferred method for manufacturing the wiping cloth

made of nonwoven fabric according to the invention is

25 hereinafter described. First, the mentioned splittable
conjugate fibers are accumulated to form a nonwoven web.

In the case that the splittable conjugate fibers are
discontinuous fibers, any publicly known method such as card
methodor randomwebber method can be used to form the nonwoven

30 web. In the case that the splittable conjugate fibers are
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14

continuous fibers or filaments, any publicly known method
such as spunbond process can be used to form the nonwoven
web. Described below is a method for obtaining a nonwoven

web by spunbond process. The polymer component A and the

<N

polymer component B are fed to a conjugate melt spinning
apparatus, anddischarged fromaconjugate spinneret. Then,

splirtableconjugatecontinuousfibers(notdrawnyet) each
of which is formed by sticking the polymer component A and
the polymer component B together are spun out. The spun out
10 continuousfibersarecooledandintroducedintoanair sucker.
The air sucker, which is also called an air jet in general,

fsusedtocarrycontinuous fibers anddrawcontinuous fibers
by sucking and sending air. The continuous fibers fed to
the air sucker are conveyed to an outlet of the air sucker
while being drawn, and the continuous fibers are turned into
splittable conjugate continuous fibers by completing the
drawing. Then, an opening machine located at the outlet of
the a2ir sucker opens the splittable conjugate continuous

fibers. Any publicly known conventional method such as

corona discharge or triboelectrification is adopted for
opening the fibers. The opened splittable coniugate
continuous fibers are accumulated on a moving collection
conveyor of wire mesh or the like, thus a nonwoven web is
tormed.

25 Next, asplitting treatment is appliedto this nonwoven
web. Since accumulating splittable conjugate fibers forms
the nonwovenweb, the fibersarenotcombinedwitheachother,
and the tensile strength is extremely low. It is therefore
necessary to combine or entangle the splittable conjugate

30 fibers with each other in order to give g certain tensile

,._.
o
<
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strength to the nonwoven web. However, when adopting water
neediing or needle punching as the splitting treatment, it
becomes possible to split and entangle the fibers at the

same time, and therefore combining or entangling the

(&2

splittable conjugate fibers with each other can be omitted.
't is also possible to apply a partial temporary pressing
to the nonwoven web inviewof improving easiness in handling
and transferring the nonwoven web at the time of applying
the water needling or needle punching thereto. Generally
10 in this temporary pressing, the spiittable conjugate fibers
are weakly heat bonded with each other. and water needling
or needle punching easily loosens this heat-bonded state.
Water needling is a treatment in which a pillar-shaped flow
of liguid having a high kinetic energy is bumped on the
nonwoven web, and the splittable conjugate fibers in the
nonwoven web receive a shock of the pillar-shaped fiow of
iquid. Accordingly, the splittable conjugate fibers are
split into the fibers A composed of the polymer component
A and the fibers B composed of the polymer component B. Thus

the kinetic energy of the pillar-shaped flow of liquid is

applied to the fibers A and the fibers B, and the fibers
are three-dimensionally entangied with each other. On the
other hand, needle punching is a treatment in which a needle
pirerces the nonwoven web many times. The needle bumps the
25 splittableconjugatefibers,andconsequenrlythesplittable
conjugate fibers are split into the fibers A and the fibers
B, and the fibers are moved by the needle. thus the fibers

are three-dimensionally entangled with each other.
In orders to give a certain tensile strength to the

30 nonwoven web., the splittable conjugate fibers are combined
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with each other in some cases. As a typical means for
combining the splittable conjugate fibers with each other,
heat-bonded areas are formed by heat bonding the splittable
conjugate fibers together. fn this case, by sticking
2 together the polyester polymer component A having a high
melting point and the polyoiefin polymer component B having
a low melting point form the splittable conjugate fibers.
And at least a part of the polymer component B is exposed
on the surface of the splittable conjugate fibers. Then.
19 the nonwoven web is introduced into an embossing apparatus
comprised of a heated embossing rol} and a flat roll or an
embossing apparatus comprised of a pair of heated embossing
rolls. Protruding part of the embossing roll is pressed on
the nonwovenweb (i.e., thenonwovenwebispartiallyheated),
whereby only the polymer component B of the splittable
conjugate fibers is softened or melted, and the splittable
conjugate fibers come to be heat bonded with each other.
Thus a nonwoven fleece having a certain tensile strength
isobtained. Inthisnonwoven fleece, there are heat-bonded

areas inwhichthesplittableconjugate fibersareheat bonded

with each other and areas not heat bonded in which the
splittable conjugate fibers are not heat bonded with each
other. In general, it is preferred that the embossing roll
is heated at a temperature not higher than themelting point
22 of the polymer component B in thesplittable conjugate fiber.
I'f the embossing roll is heated at a temperature higher than
the melting point of the polymer component B, there is a
pessibility that the splittable conjugate fibers in the
heat-bonded areas melt excessively and holes are formed on

39 the heat-bonded areas. The end faces of the protruding part
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of the embossing roll can be of any form, that is, the end
faces can be oval, rhombic, triangular, T-shaped, #-shaped,
or lattice-shapedso that the heat-bonded areas may be formed
into any desired configuration. |t isalsopreferred touse
5 anultrasonic bonding apparatus comprised of an uneven rol |l
and an oscillator instead of the mentioned embossing
apparatus as a matter of course.
Splitting is applied to the nonwoven fleece obtained
by partially heating the nonwoven web. It is possible to
10 use the mentioned water needling or needle punching as
specific means of the splitting. In this case, the
splittable conjugate fibers existing in the areas not heat
bonded are split into the fibers A composed of the polymer
component Aand the fibers Bcomposedof the polymer component
B. ThenthefibersAandthefibersBarethree-dimensionally
entangledwitheachother bywaterneedlingorneed/epunching.
It isalsopreferred to adopt means of carrying out crumpl ing
treatment by applying a high-pressure jet to the nonwoven
fleece. The high-pressure jet can be easily applied to the

nonwoven Tfleece by putting the nonwoven fleece in a

high-pressure jet-dyeing machine generally emplioyed in
dyeing. In this case, the splittabie conjugate fibers are
splitintothefibersAandthe fibersBbycrumplingtreatment.
and the split fibers A and B are entangled with each other
2b to a certain degree. Such a entanglement is, however, a
three-dimensional entanglement |ooser than that obtained

by water neediing or needle punching.
|t is also preferred to adopt a buckling treatment as
meansof splitting. Thebuck!ing treatment isused tobuckle

JO0 the nonwoven flieece. Morespecifically, adopted isamethod
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in which the nonwoven fleece is introduced into a pair of
rolls at a speed higher than a discharging speed so that
the nonwoven fleece introduced fromthe rollsmay be buckled.
As an apparatus for conducting such specific means, it is
¢ possible to use Microcreper manufactured by Micrex Co.
COMFiT Machine manufactured by Uenoyama Kiko Co.., Ltd.. or
the like. In the buckling treatment, the split fibers A an¢
B are not substantially entangled with each other in three
dimensions. This is because energy causing the fibers A and
10 the fibers B to entangle with each other is not applied in
the buckling treatment. Accordingly, the wiping cloth of
nonwoven fabric obtained by the buckling treatment is soft.
flexible and suitable for awiping cloth because the fibers
A and the fibers B existing in the areas not heat bonded
13 are not substantially entangied with each other in three
dimensions.
The spiittable conjugate fibers are split into the
fibers A and the fibers B, and fineness of either the fibers
A or the fibers B is preferably in the range of about 0.05

to 1.5 denier. For example, if the splittable conjugate

tibers having a transverse section as shown in Fig. 1| or
Fig. 4 are used, fineness of the fibers A is preferably in
the range of about 0.05 to 0.5 denier, and fineness of the
fibersBispreferablyintherangeofabout].0to2. 0deniers.
25 It the splittable conjugate fibers having a transverse
section as shown in Fig. 2 or Fig. 3 are used, fineness of
poth fibers A and fibers B is preferably in the range of
about 0.05 to 1.5 denier in. Split rate in splitting the
splittable conjugate fibers is not always necessary to be

30 100%. Split rate of not less than about 50% is sufficient,
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and thesplitrateofnot less thanabout70% ismorepreferred.
The split rate is measured in the following manner. That
's, some of the areas where sticking state of the splittable
conjugate fibers is exfoliated (split) are sampled and
Y observed using a scanning electron microscope. Percentage
of portions where the polymer component A and the polymer
component B are exfoliated is observed, and an average value
of the percentages is obtained, thus the split rate being
measured.
1¢ After splitting the spiittable conjugate fibers in the
nonwoven web or the nonwoven fleece, a plasma treatment is
applied. The plasma treatment is a treatment carried out
by exposing the nonwoven web or the nonwoven fleece into
a substance in a plasma state. The plasma state is a state
in which, by applying a high voltage to the inert gas or
heating the inert gas at a high temperature, an inert gas
is dissociated into negatively charged particles and
positively charged particles or is excited. From the

industrial point of view, it is preferred to adopt a

iow-temperature plasma treatment in which a high voltage
s applied to an inert gas. 1In the application of a high
voltage, it is preferred to adopt spark discharge, corona
discharge, gliow discharge or the tike, and among them it
ismostpreferred to adopt glowdischarge from the industrial
25 point of view. The pressure of the inert gas in a vessel
at the time of applying a high voltage is preferably not
more than about 66.5 hPa, and more preferably in the range
of 0.013 to 13.3 hPa. The time of the plasma treatment is
preferably in the range of about | second to 5 minutes.

30 The inert gas used in the plasma treatment can be any
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gas on condition that the gas itself is not polymerized when
high voltage is applied. In other words, it is possibie to
adopt any gas on condition that the gas is negatively and
positively charged or excited and acts on the object to be

treated (the nonwoven web or the nonwoven fleece) without

o

polymerization of the gas itself. As isclearly understood
from the foregoing description, the gas itself is not
polymerized under high voltage., and therefore the gas is
referred to as inert gas in this invention. Specific
13 examplesoftheinertgasareargon, nitrogen, helium, oxygen,
ammonia, air and so on, It is especially preferred to use
argon as the inert gas in this invention. This is because,
when using argon as the inert gas, a group containing oxygen
is introduced into the exfoliated faces of the fibers A and
the fibers B and cracks or flaws are easily formed on the
exfoliated faces, and the hydrophific property of thewiping
cloth of nonwoven fabric is largely improved. As the plasma
treatment apparatus, aglowdischarge apparatus is generally

used (pages 180 to 182, Fundamentals and Application of

High Polymer Surface (I ) edited by Yoshito IKADA and
pub!ished by Kagaku-Dojin Publishing Co., Ltd. ).

By applying the plasma treatment as described above,
surfaces of the split fibers A and B (both the exfoliated

faces and the not-exfoliated faces) are modified, and the

l-5

water-absorbing property is improved. As unevenness or
microfibrils are formed or produced on the surfaces of the
exfoliated facesbysplitting, surfaceareaof theexfoliated
faces isenlargedas comparedwith the not-exfoliated faces,
and thus advantages brought about by the modification by

3C the plasma treatment are remarkable. More specifically,
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this modification brings about such advantages that a group
containing oxygen such as carbonyl, carboxyl, hydroxy. or
hydroperoxide is introduced into high polymers forming the
fibers A and the fibers B or that cracks or flaws are formed
3 on the surfaces of the fibers A and the fibersB. As aresult
of such modification, the water-absorbing property of the
wiping cloth of nonwoven fabric formed by accumulating the
fibers Aand the fibersB is improved. Thewipingcloth made
of nonwoven fabric according to the invention is obtained

10 through the application of the foregoing plasma treatment.

Brief Description of Drawings
Fig. 1 shows an example of a transverse cross section

of a splittable conjugate fiber according to the present

15 invention. Fig. 2 shows another example of a transverse

cross section of a splittable conjugate fiber according to
the invention. Fig. 3showsa furtherexampleofatransverse
cross section of a splittable conjugate fiber according to

the invention. Fig. 4 shows a still further example of a

transverse cross section of a splittable conjugate fiber
according to the invention. In each drawing, reference
character Aindicates the polymer component A, andreference

character B indicates the polymer component B.

25 Best Mode for Carrying Out the Invention
The invention is hereinafter specifically described
on the basis of preferred embodiments. Note that thewiping
cloth made of nonwoven fabric according to the invention
and the method for manufacturing the wiping cloth made of

39 nonwoven fabric according to the invention are not limited
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to thesepreferredembodiments. Measurement andevaluation
of each property or characteristic in each of the examples
were carried out in the following manner.
[Melt Index of Polymer Component B]: This was measured at
5 atemperatureof 190 °C inconformity to the method described
in ASTM-D-1238(E).
[Water-absorbing Property of Wiping Cloth Made of Nonwoven
Fabricl: The measurement was carried out in conformity to
JIS L 1096 A method (dropping water method).
10 [Deterioration with Time of Water-absorbing Property of
WipingClothMade of NonwovenFabricl: Thewipingclothmade
of nonwoven fabric was put under an atmosphere of 25 °C. and
the water-absorbing property (dropping water method) was
measured every twenty day.
[Removability of Wiping Cloth Made of Nonwoven Fabric]: A
ltquid (water and alcohol) was dropped on a viny| plate
lightly wiped with a wiping cloth made of nonwoven fabric
of approximateiy 10 cmsquare, and removability wasevaluated

from the liquid left on the vinyl plate. The evaluation was

a synthetic judgment of a test in which 0.5 cc of the liquid
was dropped on the vinyl plate and another test in which
2.0 cc of the liquid was dropped on the vinyl plate. The
removability was evaluated in the following four grades.
©: The liquid was scarcely left, O: The |iquid was slightly
25 left, A: The liquid was considerably left, X: The liquid

was almost left.
Comparative Example 1
Polyethylene terephthalate containing 5 mass %
polyethylene glycol of 6000 in mass averagemolecular weight

30 was prepared as the polyester polymer component A. Melting
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point of this polyester polymer component A was 250 °C and
relative viscosity was 1.49 at 20 C when the polyester
polymer component A was dissolved with a solvent prepared
bymixingequivalent amounts of tetrachlorethane and phenol.
On the other hand, high-density polyethylene, of which
melting point was 127 C and melt index was 20 g / 10 min.,
was prepared as the polyolefin polymer component B. The
polymer component A and the polymer component B were
respectively melted and introduced into a conjugate
spinneret. The adopted conjugate spinneret was provided
with 210 conjugate spinning holes each being configured so
that a splittable conjugate fiber having a transverse cross
sectionas shown inFig. 1 isobtained. Aconjugate spinning
machine in which the conjugate spinneret has four spindles
was used inconjugatemelt spinning. Conjugate spinning was
carried out under the conditions that the emerging weight
per hole is 1.3 g/min. and the conjugate ratio [the polymer
component A / the polymer component B (proportion in mass)]
is 1.4/1. The temperature of the polymer |ine was 285 °C
for the polymer component A and 230 °C for the polymer
component B, and the spinning temperature was 285 °C
Next, after cooling filaments spun out of the conjugate
spinneret with a coocling apparatus, these filaments were
drawn out at 4000 m/min. by means of air suckers placed 150
cmbelow thespinneret. Thesplittableconjugatecontinuous
fibers were opened with a publicly known opening machine
and accumulated on the moving collection conveyor of wire
mesh, and thus a nonwoven web was obtained. This nonwoven
web was approximately 45 g in weight per square meter, and

fineness of the splittable conjugate continuous fibers
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tforming the nonwoven web was approximately 3 deniers. After
that, this nonwoven web was introduced into an embossing
apparatus comprised of an engraved rol!l (embossing roll)
heated at 122 °C and the flat roll heated at 122 C., the
5 heat-bonded areas were formed by partially applying a heat,
thus a nonwoven fleece was obtained. The heat-bonded areas
areareas inwhichthesplittableconjugatecontinuous fibers
are heat bonded one another due to softening or melting of
the polymer component B. The areas to which heat was not
10 applied are areas not heat bonded in which the splittable
conjugatecontinuous fibersarenotcombinedwithone another
but merely accumulated. Each heat-bonded area was 0. 68 mm?2
total of the heat-bonded areas occupied 7.6 % of the surface
of the nonwoven fleece in terms of area, and density of the
heat-bonded areas was 16.0 places/cm?.
Next, thementioned nonwoven fleece having heat-bonded
areas was fed to Microcreper 1 manufactured by Micrex Co.
to apply the buckliing treatment, the sticking of the polymer

component A and the polymer component B in each of the

20 splittable conjugate continuous fibers was exfoliated, and
then the fibers A composed of the polymer component A and
the fibersBcomposedof thepolymer componentBwererevealed.
The nonwoven fleece was fed to Microcreper I manufactured
by MicrexCo. at 100 m/min. inworking speed. Inthismanner,

25 a nonwoven cloth was obtained, and in which the heat-bonded
areas are scattered and the fibers A of approximately 0.3
denier in fineness and the fibers B of approximately 1.3
denier in fineness are revealed at least in the areas not
heat bonded. Water-absorbing property, deterioration in

30 water-absorbingpropertywithtime, andremovabilityof this
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nonwoven fabric were then evaluated. Table 1 shows the
results.
Comparative Example 2
Water needlingwas applied to the nonwoven web obtained
5 1ntheforegoingComparativeExampIeI,eachofthesp!ittable
conjugate continuous fibers was split, and the produced
fibers A and B were three-dimensionally entangled with each
other. The water needliing was carried out under the
following conditions. A pillar-shaped flow of
10 high-pressure water (7.84Mpa in pressure) was injected to
the nonwoven web from a die comprised of three rows of
injection holes, inwhich the holesare 0.12 mmin diameter,
600 in number, and 0.6 mm in pitch. The nonwoven web was
placed on a screen of 16 meshes, transferred at 10 m/min. .
and a distance between the injection holes and the nonwoven
web was establishedtobe 80mm. Aftercarryingout the water
needling, the nonwoven web was mangled with a mangle rol |
and dried, thus a nonwoven fabric was obtained. 1In this
nonwoven fabric, the fibers A of approximately 0.3 denier

in fineness and the fibers B of approximately 1.3 denier

in fineness were formed, and the fibers A and the fibers
B were three-dimensionaily entangled with each other.
Water-absorbing property, detrioration in water-absorbing

property with time, and the removability of this nonwoven

25

fabric were respectively evaluated. Table 1 shows the
resuits.
Comparative Examplie 3
Neediepunchingwasappliedtothenonwovenwebobtained
inthe foregoingComparativeExamplel, eachof thesplittable

30 conjugate continuous fibers were split, and the produced
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fibers A and B were three-dimensionally entangled with each

other. The needle punching was carried out under the

following conditions. RPD36# manufactured by Organ was

employed as needle, and the needle punching was carried out

3 at 60 times / cm? in needle punch density. In the obtained

nonwoven fabric, the fibers A of approximately 0.3 denier

in fineness and the fibers B of approximately 1.3 denier

in fineness were formed, and the fibers A and the fibers

B were three-dimensionally entangled with each. The

10 water-absorbingproperty, deterioration inwater-absorbing

property with time, and the removability of this nonwoven

fabric were respectively evaluated. Table 1 shows the
resufts.

Comparative Example 4

A nonwoven fabric was obtained through the same method

as that in the foregoing Comparative Example 2 except that

polyethylene glyco! is excluded from the polyester polymer

component A used in Comparative Example 2. The

water-absorbing property, deterioration inwater-absorbing

property with age, and the removability of this nonwoven

fabricwererespectivelyevaluated. Table 1 shows the resul ts.
As the result of excluding polyethylene glycol from the
polvester polymer component A used in Comparative Example
2, the melting point of the polymer component A was 263 °C
2% and the relative viscosity was 1.38.
Example 1

Low-temperature plasma treatment was applied to the
nonwoven fabric obtained in the foregoing Comparative
Exampie 1 under the following conditions, thus awipingcloth

JC made of nonwoven fabric was obtained. The water-absorbing
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property, deterioration in water-absorbing property with
age, and the removabilityofthiswipingclothmade of nonwoven
fabric were respectively evaluated. Table 1 shows the

resuilts.

(&l

Conditions

Treating apparatus: Manufactured by Santo-tekko Co., Ltd.

Smali-sized low-temperature ©plasma testing machine
frequency : 13.56 MHz
Electric power : 200 W

i3 inert gas : Argon (200 ml / min. in flow rate)
Treating time : 30 seconds

Pressure of inert gas : 1.33 hPa

Example 2
Low-temperature plasma treatment was applied to the
nonwoven fabric obtained in the foregoing Comparative
Example 2 under the same conditions as that in the foregoing
Example 1, thus a wiping cloth made of nonwoven fabric was
obtained. The water-absorbing property, deterioration in
water-absorbing property with time. and the removability

ofthiswipingclothmadeofnonwovenfabricwererespective!y

evaluated. Table 1 shows the results.
Example 3

Low-temperature plasma treatment was applied to the
nonwoven fabric obtained in the foregoing Comparative
25 Example 3 under the same conditions as that in the foregoing
Example 1, thus a wiping cloth made of nonwoven fabric was
obtained. The water-absorbing property, deterioration in
water-absorbing property with time, and the removability
ofthiswipingclothmadeofnonwovenfabricwererespectively

30 evaluated. Table 1 shows the results.
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Example 4
A wiping cloth made of nonwoven fabric was obtained
by the same method as that in the foregoing Example 2 except

tor using polyethylene terephthaliate containing 10 mass

(&2l

percentpolyethyleneglycol of 6000 inmass averagemolecular
weight as the polyester polymer component A. The
water-absorbing property, deterioration inwater-absorbing
property with time, and the removability of thiswipingcloth
made of nonwoven fabric were respectively evaluated. Table
i 1 shows the results. The melting point of the polyester
polymer component A used in this example was 248 °C and the
relative viscosity was 1. 64.
Example 5§

A wiping cloth made of nonwoven fabric was obtained
by the same method as that in the foregoing Example 2 except
for using polyethylene terephthalate containing 1.0 mass
percentpolyethyleneglycol of 6000 inmass averagemolecular
weight as the polyester polymer component A. The

water-absorbing property, deterioration inwater-absorbing

property with age, and the removability of thiswipingcloth
made of nonwoven fabric were respectively evaluated. Table
1 shows the results. The melting point of the polvester

polymer component A used in this example was 260 C and the

relative viscosity was 1.40.

30
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Table 1
Comparative Example
Example

1 i 3 4 1 ? 3 4 5 |

Water-absorbing 320 [450 1630 980 0.3 0.4 7.0 0.2 0.4
Property (seconds) i |
Deterio- | Passed B

ration in | Days

Water-abs | 0 340 450 630 P80 0.3 0.4 1.0 .2 0.4
orbing | g
Property 29 380 P00 620 | - 0.8 1.7 |1.4 0.3 79 |
WIth Time 75350 580 660 - T Z T8 Z 0 05 45
§ 60 - - |- - L8 g6 301268
| 80 - |- T B 3B IBE 8IS 10

160 380 520 620 [ - 4.3 37 4.5 3.0 75

Femovability Water A lA TA X © |© 10 |O ;O
Acohol [A A A (X |© |© |® |®© O

(

5 Note: "-" inTablel indicates that the water-absorbing

property was not measured.

The results shown in Table 1 leads to the following

conclusion. When comparing the foregoing Comparative
Example 4 in which the polyester polymer component A not
10 containingpolyoxyalkyleneglycol wasusedwiththe foregoing
Comparative Examples 1 to 3 in which the polyester polymer
component A containing polyoxyalkyleneglycol was used, it
Is understood that the water-absorbing property is improved
by approximately double due to the presence of
15 polyoxyalkyleneglycol. On the other hand, in the foregoing

Examples 1 to5inwhichthepresenceofpolyoxyalkyleneglycol

—t
1
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and the plasma treatment are combined or jointly used, the
water-absorbing property is improved by at least about 1000
times ascomparedwithComparative Exampie4. |Inother words,
combination of polyoxvyalkylenegliycol and the plasma
treatment Jleads to a remarkably significant technical
function and advantage.

When comparing the foregoing Example 5 in which the
polyester polymer component A containing 1.0 mass percent
polyoxyalkyleneglycol was used with the foregoing Examples
1 to4 inwhich the polyester poiymer component A containing
5 to 10 mass percent polyoxyalkylfeneglyco!l was used, it is
understood that deterioration in water-absorbing property
with age is less in the latter case

In the invention, when a polymer component containing
polyoxyalkyleneglycol is used as the polymer component A
forming the splittable conjugate fibers and splitting and
plasma treatment are applied, it is possible to obtain the
technical advantages of fargely improving the
water-absorbing property and decreasing deterioration in

water-absorbing property with time.
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